Abstract. An lnGaP etch-stop layer was used to control the mesa height in a ridge waveguide InGaAdAIGaAs strained multiple quantum well laser grown by organometallic vapour phase epitaxy. These 950 nm lasers exhibited internal
quantum efficiencies of 7, T 0.99 and very low internal losses of 01, = 2.6 cn-' For a cavity length of 500 ,Lm, a threshold current d 12 mA was obtained. The high performance of these lasers and the improved uniformity d their characteristics demonstrate the utility d InGaP etch-stop layers in improving process yield without detrimental effects.
There is considerable interest in InGaAs/AlGaAs strained quantum well lasers for applications within the 0.91.1 Wm wavelength range, such as high power pump lasers for Er-doped fihre amplifiers and rare-earth-ion solid state lasers, obtaining blue-green laser emission by frequency doubling, and optoelectronic integrated circuits [l-lo] . Ridge waveguide (RWG) lasers are in principle the simplest way to achieve high power fundamental mode performance. However, it is imperative to control the ridge height since this determines the indexguiding of the laser. If the ridge is underetched, the laser will not be index-guided and the threshold current will increase significantly [ll] . Overetching of the ridge will result in the laser exhibiting multiple lateral modes. The usual procedure is to use timed etching to control the ridge height. However, invariably the etching across the wafer is non-uniform, thereby leading to poor yield. A recent report has successfully demonstrated the use of an AlAs etch-stop layer which allowed selective etching of the Alu.Z2GaU.~& cladding layer [12] . We have used lnu.4uGau.slP (hereafter referred to as InGaP) as an alternative etch-stop layer. This approach takes advantage of the excellent selectivity between InGaP and AlGaAs and permits the use of any AlGaAs composition in the cladding layer.
The InGaAs/AlGaAs laser structure was grown in an atmospheric pressure vcrtical-geometry reactor described previously [13] . Hydrogen was used as the carrier gas. Arsine and phosphine were used as the As and P precursors, while trimethylgallium, trimethylaluminium and trimethylindium were utilized as the gallium, aluminium and indium sources respectively. Disilane and diethylzinc were the Si and Zn dopant precursors respectively. A constant GaAs growth rate CAVlM LENGTH m a n ) 7, lo] , indicating that the InGaP etch-stop layer does not have a detrimental effect on the loss mechanisms. Also shown in figure 3 is the threshold current as a function of cavity length. For a cavity length of L, = 500 pm the threshold current was 12 mA, while for L , = loo0 pm the threshold current was 20 mk The threshold current as a function of temperature for the 3 pm x 500 pm RWG InGaAs/AIGaAs laser (with InGaP etch-stop layer) operated CW is given in figure 4 . A characteristic temperature of TU = 156 K was measured over the temperature range 10-50 OC. This reflects, in part, the excellent carrier confinement of this laser structure.
In summary we have demonstrated the use of an InGaP etch-stop layer to provide a convenient means for controlling the etching process in fabricating RWG structures. High performance lasers were obtained, indicating that there were no detrimental effects from the presence of the InGaP layer. This approach should also apply to dry chemical processing such as reactive ion etching where excellent selectivity between InGaP and (A1)GaAs is easily achieved.
